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(54) GROUP III NITRIDE SEMICONDUCTOR LASER 
ELEMENT 

(57) Abstract: 

PROBLEM TO BE SOLVED: To improve output of a 
laser by shutting carriers enough in an active layer. 

SOLUTION: !n this laser element, an active layer 5 of a 
single quantum well structure of ln Q 2 Ga Q 8 N/GaN is held 

between GaN guide layers 41 and 62 in which the width 
of an inhibition band is wider than that of the active layer 
5, and further, they are held between clad layers 4 and 
71 which comprises A 10Q8 Ga og2 N, and shutting-in of 

carriers and that of light are separated. In this case, in a 
part of thickness of the guide layers 41 and 62, stopper 
layers 42 and 61, comprising AI Q 15 ^ a 075 N . which has a 

width of an inhibition band wider than that of the guide 
layers 41 and 62 are formed. 
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o.«aN W5^7!/KI4, 7 1 -CS£*ai*, y 

2,6 1 *«*bfc 0 
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[f»*JS4] BtTiE^ h»3'^S<OflE$«:5 0~5 0 0A-e 

[Sf;fcJg 5 ] BtrCflHtHtt*— ***Fl»axtt*** 
^#F*iS-C& 5 6111**1 KB*<0 3 

[fS*«6] 8iNE3jK£4bKHpi*#:»:. (Al.Gax-,) 
y In,-, M;0 s£x £1,0 £1 fJbSi b^WWib-f- 
5fS#iS 1 7!rMff *« 6 »Wj-^»fcB*<0 3 ttSfctt 

[IS*«7] 8tTfEfiH4JB«:In 1 « 1 Ga 1 — 1 N; 02x1^1 , 8& 
IS* h S"<iI£Al, 3 Ga l -,. 2 N;0. 1 ^x2^0.3 -CflfcfcLfc 
r. k 5 »*« 1 75Sf8#JS 6 coi/vf Ji-^Kia 

3 lfc£fc*¥i»ff: f-iP**. 

[000 1] 
[0 0 0 2] 

*f**£ LTAlGalnN ^SO-fbg-^SIffc*:^*: t><iOASjai 

[0 0 0 3] AlGalnN ^#®flc(C*JV>T t , Hg£ K— 7* 

r^*, AlGaN ©p€3I©^7S' K@<!:, InGaN O 
miSEMb, GaN (©nJli^ffl^fc^/O'^DflfitSr^ 

<b, *+vT<nmt&&m&byt<7>ffl£&*bm&b£fr 

St £ -ttifc. S C H (separate confinement heterostructur 
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[0 0 0 4] 

[3§Wa5»i&LJ;3 bi-Zmm] bZZA^ _kiE<£><J:5 

[0 0 0 5] -€-r-C*35M«OS6<Jtt, l£&!§\ci6i,^X* 
[0 0 0 6] 

WWB4rjl«IW5fc»<0*a] IS*iSirol8W(4, 3g! 

#y Ym<r>m.^<D-mca^x, vm<n%mm 

*IJ:9fc, £9J£v**J«r««r*rt-aia*tt:©StSaft 

[0 0 0 7] fg*5 2«0^^-ett, ^hs'^>S^SttM 

ffl£&Z>&£ 9 5b^a< : fTfc'^So X, fS*iS3T}i, 
30 * h y^-tSjlS^Y KlO«ftig|«t5ri:^ y T 

[0 0 0 8] »*>S4<35|gW^tt, ^ S s'^SflDff^* 

(Al * G 3l -» ) y Ini-y N;0 Sl,0 £y ^1 

[0 0 0 9] 7 Stt^trln.xGax-,! 

N; 0^x1^1 , ^ j/^N*e*Al» 2 Gai-, 2 N;0. 1 ^x2^0. 

3 -c«f^-rs m&mco&mmmx 9 t^j«*g 

[0 0 10] 

50 ^frH1^7- 0 U— (f^^lOO li, t77'TrSfil4: 
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tll,X&y, ^COf-^T^TS^l _tfC0.05/zm<Z)AlN 

[0 0 1 1 ] *-<Ds<¥7yM2<D±.\a?± % Jgi?#*J4.0 m 
m, * : ?«JK2 X10 1B /cm 3 CO'>y a^(Si) K— 7"GaN 
(b/&5iB*^ Li TigSn* m Stm&Ztl. *-<0n~g 
3G9_H;:te, JKi?^l Mm, S-^SSS X10 ir /cm 3 tfv> 
y ^V(Si) K— 7<Dn-M 0 . osGa 0 . 92 N ;7 ^ ;y K 

JB4JWE^£ft-C^"5 0 ^7^ Kg4<73_bfCte, jgi?^ 
0.1 urn , m^SS5 X 10 1T /cm 3 CO'> Li 3V(Si) K— 7* 
£On-GaN A»<bJ«S^ Kg 4 1 * K 

14 ico±fc:«:, iKi?^ 200A, m^PSSS xio 17 /cm 3 
<DisU 3 >"(Si) K— ^n-Alo. isGao.ssN 3&>&j£5* h 

[0 0 1 2 ] *L-C\ h ys<M4 2CD±f£i:£, Jg? 

J?50Ac0GaN ^fojftS^^y TJBS 1 kl&W-SQ k<DlT*. 2 G 
ao.sN 7i><oJE&£#Fg 5 2 <tJRJ?50AOGaN J&»&jK5'< 
y 5 3 <t-C«^^^7t¥-S^F#F*S (SQW) 

200 A, ^-ASS 2X10 lT /cm 3 , Ms (Mg) 

ttK 5Xl0 19 /cm 3 <7?p-Alo. ls Gao. Q3 N ^?jJ5Sc5^ h 
§6 1 2^/&£;ftT^£o Sfcfc. h s/Xg6 1 <D_b 
Kf±, ISffjftO. 1 Mm , * — yU»JK 2X10 1T /cm 3 , ^ 
(Mg) jgg 5Xl0 19 /cm 3 c^p-GaN 3&>&ricS#-f 

«U JRflMft Um, * — ^»JK 2X10 ir /cm 3 , 

(Mg) SIS 5X10 19 /cm 3 C0p-Alo.o 8 Gao. d2 N 
Z>#7V Kg 7 1 ri^/3t£*t,TV>3 0 
[0013] * <o^ ^ 5 * Kg 7 1 0_k^f2 N 
JBWJB200 nm, 3X10 1T /cm 3 , -*4t**S*? 

A (Mg) SJS SXlO^/cm^p-GaN 
^ M7 2, JUiP^lOO nm, /U«JK 6X10 1T /c 
m 3 , (Mg) SS 1 X 10 2O /cm 3 CC> p~.-GaNJ&> 

T, S23y^^M7 sitcsiOa^&^SIftaJKi 0 

[0 0 14] fcfC. ^0«Jfi<Z>^»#*^o«a*j5fefC 

ov^S9H-£ 0 ±IEL — 1^*^100 f±, *T«MfeK*lS 
J*** (WTMOVPE) fc£3*fl/Sftfc:J:!9«ift£ 

tifco ffli^e>*Ljfc;tf*ra:. r v^e^r (nh 3 ) , ^tlir 

^ (ft) , h y >9vU#y £i*(Ga(CH 3 ) 3 ) (KT r TM 
Gj tlM") , h y >^^T/W^->?A(A1(CH 3 ) 3 ) (« 
T l*TMA j ilEf) . h y > V A (In(CH 3 ) 3 ) 

(JKT fTMI J ilE'i") , V^>-(SiHj i^n^:/^ 

[0015] *«*»at/»a3a«::j;9af*ufc 

a®£±®£ L^8^f7 7-frSffil £M0VPE £ 
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£E-eH>*ai$2 liter/^-e^30^j5JS ^(Cffi L fttf % 

iajgiioo^-cf-^r-rrssi ^-^v^Lfco 

[0 0 16] Zfclc. raS£ 400 < t^-e{ST$^"C, H 2 €r 

20 liter/5>, NH3 ^rlO liter/^. TMA I.8XIO- 3 

a*115<rt:K»ftrU H 2 ^r201iter/^. NH 3 *10 lite 
r/5>. TMG 1. 7 x 10-*-=&/U/^, H 2 ^^fC i 9 0. 86p 
pm |C«r^ $n7^^>7^^r20X 10- 8 ^e^/^-C40^2$ A 
10 U Ki?^4.0 Mm, S^SJS lXl0 18 /cm 3 . 

4X10 l8 /cm 3 <7?v-y a^(Si) K— T'GaN A*&/«5iS 

[0 0 17] RtC. f-77-^TS«lCOrajK*1100TC^ 
««r.U, NaXttHa^rlO liter/25\ NH 3 * lOliter/ 
^ TMG *l. laxiO"**^/^ TMA *0. 47 X KT^A' 
>&^, Ha^^fCj; 9 0.86ppm tC^^n^cV^V 
^10X10-°mol/^-C% 60^flt»b"C. Biff^l Am, St 
Si X 10 ia /cm 3 <£> V y ^ V K — 7*^n-Alo. oaGao. 92 N 

20 [0 0 18] ±fe<0^i/ K»4*»*Ufc». tt^^T 
ma^llOO 0 C fC&f¥U H 2 *20 liter/5^, NH 3 £10 
liter/^, TMG £ 1.12 X 10'^^/^, H 3 ^fC± 
<9 0.86ppm JCflrRStb^lv'? l/&\QX\Q- 9 *r;]s/ftX~ 5 
»»AL, flt»tt0.1 Mm, m+mm 5X10 l7 /cm 3 , V 
y 3>-SJS 1 X 10 ia /cm 3 <Z?n-GaN fabfilt&jf'f Kg 4 1 

[0019] fttc, f-^r^TSS i<^iaflJ*iioot:^ 

^}*L, NaXttH»4rlO liter/5>, NH 3 £ lOliter/ 
TMG *2. 24X10"- 1 ^e/U/^. TMA £0. 24 X 10***^ 
30 XV. H 2 ^/^tCi t9 0.86 P pm fC*R$4X7t'>9^ 

^lOXlO^mol/^-C. 1.2 5>^b"C, JHi¥^J200 A, 
S*.lXl0 ls /cin 3 <30C/y ^ V K— rcOn-Alo. i 5 Ga 0 . e^N 

[0 0 2 0] ftiC, t7r^7-I«l c^rajg£800 TCtC 
{^SU N a Xfiife*20 liter/^, NH 3 *10 liter/ 
5>, TMG £2.0 x 10-^A-/#T\ 1.5 ^ALt, 
JBW»50A(OGaN ^&^85^<yrJB5 1 *flS«U/Sio 2fc 

H 2 , NH 3 C0-gfc^S£-^<t b-C. TMG £7.2 X UT^A- 
40 TMI £0.19X10-^/^/^1.5 ^r^^AUT, 

j^®^ 50 A^Ino. 2 Ga 0 . bN j&* & jtfc 5 #FJI 5 2 £^ 

Lfc 0 ^<yrgs 1 iia-jftf(:-c, ^yrgs 

3 £^L?t 0 r<Z)i: 5 ^LT, i?^150 A^)SQW« 
[0021] f-^r-<TSSl <^tEJS£iioo £ t:ic 

ftf^L, NaXfiHaSrlO liter/^, NH 3 £ lOliter/ 
TMG £2. 24X10~*^e/U/^, TMA £0. 24 X 10~*^/U- 
XV, CP 2 Mg £2 X 10- 3 ^/k/#-C\ 1.2 ^Mflt 
*aLri?$200 ACOSS 5X10 lo /cm 3 iC-^^iy^AC0 
50 K— 7*$n^p-Alo. isGao.asN *»?>jSc5 ^ h y 6 1 
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[0022] s^t, f-^rYrsffii60jas*noo° 

C UlfSftrU H 2 £r20 liter/5^, NH 3 SrlO liter/ 53\ 
TMG * 1. 12 x 10"*^ CP^Mg £2 x 10"*^- A-/ 

5#SAU JRJWKrO. 1 ^m. 5X 10 l9 /cm 3 tC^ 
jf*i/$J*<Z> K— r$tl7tp-GaN ^feriiS^ KJB 6 2 

[0023] zfc«c, t77>frsffii co&gsriioot^c 

NaXfiH a «:10 liter/#, NH 3 £r lOliter/ 
£\ TMG £l. 12X10"*^ Av^, TMA SrO. 47 x 10~*^/U 

at*, cp 2 Mg £2 x io-^/u/^-c, 6o#««&l 

J&i?#*J Um. 5Xl0 19 /cm 3 fC^^iyr>AcO 
K — ~f £ iX7hp-Al 0 . osGao. 92N 36»&rit5^?y KJS7 1 

[0 0 2 4] 2fct£. iflJK*notftf;:{ftffrU N 2 XttH 3 £r 
20 liter/$K NH 3 SrlO liter/#, TMG Sri. 12X10"* 
CP 2 Mg * 2xio- s -e/u / /^'C i«fJJ9f 
AU J&i?*ft200 nmCO*^^v-^A(Mg) K— ^COGaN 

2 YMl 2<D-*?**/$J*9km\± 5X10 19 /cm 3 r*fc5o 
[0 0 2 5] ffljK£llOOtMC«»U N a XttH 3 * 

20 liter/£\ NH 3 SrlO liter/5^. TMG Sri. 12X10"* 
CP 2 Mg Sr 4X10- S */U/#^30|MW» 
AU BliS^nOO nmCO^^i/r>A(Mg) K — 7*C0GaN 
3&>&j£5p~ ^2^y^ hJB7 3 Sr^LTto f&2 
=iy^^M7 3 0^*V£A»jgtt 1 X 10 ao /cn 3 "C 

I6K ^ KI6 2, ^7J/Ki71, Il^y^^ 

[0026] fctc, «T-jftJ!aat3£K*^-c\ %2^^s 

9 2 hl7 3, Sl3y^.^FS7 2,. ^..75' KJB 7 

1, WKS6 2, ^ h y^M 6 l fc— «tca^Fj»S:HR 

lUA, fc^— ACO^»riajS0.2mni/sec , fc^— i*g60/x 
m0 . K^JgS.O XlO-norr-C&So ^COST-^^BS^t 
»^<t 9, i2^y^^ hiB7 3, Il^y^^M7 

2 , ^7yKl7 1, if<< KJB 6 2 , -X h y^JB 6 1 
tt, -t-iX-?^, * — /UJSJS 6X10 17 /cm 3 , 3X10 17 /cm 3 , 2 
X10 17 /cm 3 f 2X10 lT /cm 3 f 2X10 l7 /cnf\ S6t^ 2£cm, 

1 Qcm,0.7Qcm, 0.7Qcm, 0.7 Qcm<D p &M%*¥MW> 

fee 

[0027] g^t, 02— H4*c;*H-,fc 5i-, n* m 

3 0>S« 8 fcAKl, |&2^:/^ hl7 3. 
I13y^^H72, ^ 5 * KJB 7 1 , #V KJi 6 
2, * h 3"<JB6 1 . SttJBS, * h 3"*JB4 2, 
KJB4 1, FMAto—U*. J^^-^di: 9B* 

*L^ 0 ftjc, -tf^SiOafciaiftlWBl 0J:ML 

r^§^S2 =i^#^ NJB. 
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7 3C0±tC, HSKNi/Autf>2JB*3!K*U 7i- h y^ 

* h<oa*v ^ y y^77-f-ig, ^^v^x 

[0 0 2 8] *<£>SL ±iE<^r<k<fe3£iT,fc£:c^ 

-K4r»fc 0 rcOU-f-^^^3t ^-^§420 nm 
10 o/!: 0 

[0 0 2 9] ±I5C0U— f-^^f-100 <D=.*A'*e—y'( J r 

<fc* hs"<JB6 1 i:«>#flEfci5, &^&<, SttJi 5 

KJB 4 KJS 6 2^$6ffltc^*L-C, ^5i/K 

JB 4 i ^ 7 y KJB 7 1 — o^^n^'J^ \ 
[0 0 3 0] AlGalnN +#tce&6tfc p 

20 Sr^i^P-fS^, #tc P l!JB*«cKv^ai^i5A^So 

n— iSfiS^-f < X. ■ pSJB<©^— /WipSJB^ 
^^^S^tcJ: 9«ni$*ix-CSttJBfci£ASft5]fe. 
«>, «t±^fCg|g-t-5^-7^{c^t-$ecMSr^9®^-C 

tt^copftiltc^J^I^^Y KJBi 9 fcJfcvv* h 

30 i OKv^Ui**^*!^, i 9 HH.4"C©U"— 

IP 0 3 1] X. ±E**«-ettSttJB 5 
F*^ (SQW) *fflv^tas, *fil:^#F»it (MQ 
W) *|-C*otfc^\ X, ±E*Jfi«fl-Ctt, S 

ttJlStc^LT^ h;y^JB4 2, 6 1 4rR*t fcis. B 6 
i: 5 ^> ^hix^<JB4 2. 6 1*. -tix-FJx, ^ 
-TKJB4 1. 6 2(OJS$^rrftfrc»ofc— Spoif:^ i it 

[0 0 3 2] X. ^7yKl4, KJB 4 1 , ^ h 5/ 

40 4 2<DisV ^^SJgtt. 1 X10 17 /cni 3 —l X 10 2O /c 

m 3 d5M*U^o l xio 17 /cm 3 ^T-C&Si:ig®feti:^ 
9, lX10 2O /cm 3 W±-C£)£ fcJBr*ttdSffiTLa*L< 

[0 0 3 3] ^ h ^</B 42, 61 tt, 50—500 

AAsa*Lv\ 50AJ:5t#<ft5 4fifttJB5»c:*5«-S 
y r<^BHCi&»«b*AS/h*< , 500 Ai9*)ff^^ 
*<^MlSiia«)is»</j:5t^c*^yr<oflHtJB5 
^coftAa^ 5 {ST-t*-5^r-a^ L< t&\ ^KJB4 
1. 6 2COJ?:^}2 x 500 —5000A^|g^ L^ 0 500 Ai 
50 5t,»^i, 3t^P^^ii*3b*^*< > X, 5000AJ: 
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</\ X, ^h^^i4 2, 6 1 <£>AlcoigfiJfcM\ SttJB 
SSrlnGaN ^O^affrfWfiR L^S^f-, 0.1 —0.3 $5 
a*Lv\, o.i <fc 9 fc/hSi,^ SteJi 5 fc*H-5l*ae 
aS/hS<fc9, r<fc|«Ci&ft»*dM£TU 0.3 

[HiBolllltftRW] 

0 O 

[B4i ra*jfi«^u— i^*^aiiixa**Lfca?rB 

0o 

[35] I3l?K«cou— 
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[0 6] ffccO^ffiWcri^S t — "fm+ntf-S KJB, * 
100 -u-lFSHP 

4-^73' KB 

4 l KJS 
4 2—* h 3"<B 

6 1 h y<JS 

6 2-"#V KJB 

7 x ...^ ^ y k« 

7 2-11 h/B 
7 3---^2^>-^^ bM 

8- »« 

9- *« 
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SiO, 

p*-6*N CMa-dop«d) 
pH3«U (lis-dopcd) 

p-AU. «,W (iflO-deped)?^ a» K* 

p-AI.. i iff XM8 (Vg-dmd) 
Gad K|7 JS ^ 

In*. t 6a,. *N #F» fs (SQi) 

n-AI,. ,.5-1, ..M IMS (Si-dowdJ 
n-Gair mtf (Si-dcpod) 
rr-AN. «iGa,. ^TM (Si-rfooedD 



Al 

n*H?«M C SI -doped) 
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1 Sapphire 
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-41 
-42 
N1 
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n~AI a. i iGfla. »iM 

n-GaN 

n-Ala. <»Ga.. 
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P-CaN 

P-AI.. jiGa,. ,|N 
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